Abstract: This paper investigates the changing impact of economic globalization on inflation in China over the post-reform era. We construct an inflation dynamics model with globalization factors from microeconomic foundations. Empirical results with quarterly data spanning from 1984 to 2012 show that in 1994 there was a significant structural change in the inflation dynamics model, after which China's inflation responded more significantly to foreign economic slack while the slope of the inflation-domestic slack relation reduced substantively. The finding indicates that the prescription that central banks should specifically react to developments in global output is justified for China over the post-1994 era.
Introduction
China's integration into the global economy brings a fundamental change to the global economic system and provides the nation historical opportunities benefitting from this globalization process (Mishkin, 2006) . Indeed, China's economic growth performance over the last two decades has been spectacular, with the growth rate of gross domestic product (GDP) averaging above 8 percent and an overall economy now ranking second largest in the world (based on market exchange rates). As its economy becomes more open and more integrated in international trade (and finance), China faces an increasingly complex set of policy challenges. Given its important role in the world economy, in terms of population and sheer economic size, addressing these challenges effectively has important economic and political implications for both China and economies beyond its national borders. 2 One of the leading challenges for China is the changing nature of inflation dynamics brought upon by the current great globalization. In particular, the past decade saw a marked fall in China's inflation, which was also associated with a distinct increase in economic globalization more generally seen in China than that in the industrial countries. As Figure 1 attested, the level of economic globalization in China has risen from less than 0. Despite conspicuous importance of the effects of globalization on inflation dynamics in China, much of the existing studies have focused on the relevant issue for industrial economies. One motivation for concentrating on industrial economies is that the increasing integration of China and other lower-cost producers into world production networks may have induced downward pressure on wages and import prices in industrial countries (BIS, 3 Economic globalization is measured as the sum of exports and imports as a percentage of nominal GDP. While early studies such as Kamin et al. (2006) have not found much evidence for the downward price effect, there now exists a substantial body of research documenting that there is a pronounced effect (e.g. Holz and Mehrotra, 2013) . This cross-border price spillover effect may also materialize through global value chains (see Aurer and Mehrotra, 2014; Hirakata et al., 2014) .
In addition, excess capacity abroad may have helped manufactures in the industrial countries meet the domestic demand without straining domestic resources and pushing up inflationary pressures. Recent researches of BIS (2005), Helbling et al. (2006) , Borio and Filardo (2007) , Sbordone (2009) , , and Milani (2010) appear to support this argument. In particular, Borio and Filardo (2007) estimate traditional Phillips curves for fifteen industrialized countries and find that foreign output gap drives domestic inflation significantly in most of these economies. However, this finding has been challenged by Ball (2006) , Badinger (2009) , and Ihrig et al. (2010) , who conduct similar empirical analyses for a narrower sample of countries, by Pain et al. (2006) using a system of error correction mechanism for a sample of 21 OECD countries, and by Calza (2009) using alternative specifications of traditional Phillips curve augmented by the contemporaneous foreign output gap for 26 advanced and developing economies.
These different findings for the industrial economies may be unsurprising because the integration of emerging countries into the global economy can bring interconnecting and two-way impacts on the inflation process of advanced economies. On the one hand, higher demand may drive up prices for energy, raw materials, and general commodities, which eventually reflects in overall price inflation. On the other hand, an influx of lower cost labor, products and services into the world market can drive prices downward. This two-way impact may also explain why globalization-inflation relationship remains a "puzzle" (Temple, 2002) when different pools of countries are considered as in Romer (1993) , Terra (1998) , and Gruben and McLeod (2004) .
However, the impact of globalization on China's inflation process, being that it is the 4 world's largest developing and emerging economy, may be less ambiguous. Indeed, inflation in China is more likely to be affected than that of an industrial economy by foreign demand and supply via the international goods market, since China's economic development has higher dependence on global trade than industrial economies. In addition, China is the exporter of lower cost labor, products and services, and hence less affected by world factor market.
Therefore, this paper focuses on the link between globalization and inflation dynamics in China. While institutional circumstances and economic conditions in China are different from the developed economies, which may matter a great deal in formulating a suitable framework for inflation dynamics, are there clear general principles in the changing nature of inflation dynamics for China that can serve as a guide in the process of the current great globalization?
In the present paper, we attempt to fill the existing void and provide a complementary explanation towards the changing inflation performances in China, linking them to broader debates in academic literature as well as policy implications.
To this end, we will develop an extended New Keynesian Phillips curve from an open economy version of an extended Calvo's (1983) sticky price model with microeconomic foundations relating to the dynamic stochastic general equilibrium model. The commonly used framework in the literature of globalization and inflation is the traditional backward-looking Phillips curve model (e.g. Borio and Filardo, 2007; Ihrig et al., 2010) , which maintains the virtue of simplicity but neglects the important micro foundation of staggered price setting mechanism. To preview our results, we find that there is a significant structural break in China's inflation dynamics in 1994 after which an increase in globalization generates a significantly large increase in the response of inflation to the global demand and reduces the slope of inflation-domestic demand relation.
The rest of the paper is organized as follows: Section 2 presents the baseline model and briefly describes its connection with the micro foundation of sticky prices; Section 3 describes the data used in empirical work and some stylized facts about globalization and 5 inflation in China; Section 4 discusses the econometric issues related to the empirical estimations and provides empirical results of the underlying model, followed by relevant implications explored in Section 5; Section 6 concludes the paper.
The model
In this paper, we construct a dynamic, micro-founded inflation dynamics model for an open economy, like China, with sticky prices. Our model is a small but important extension of recent developments in the open economy dynamic stochastic general equilibrium (DSGE) literature pioneered by Obstfeld and Rogoff (2000) , Clarida et al. (2002) , Smets and Wouters (2002) , and Gali and Monacelli (2005) . The households' consumption and savings decisions are in the spirit of Gali and Monacelli (2005) in which a representative household seeks to maximize a utility function with a composite consumption composed of both domestic goods and imported goods.
For the domestic monopolistically competitive goods market, we lay out an extended framework of Calvo (1983) , which can be easily rationalized in terms of sticky price setting of backward-looking firms in the closed-economy models. In particular, for the pricing behavior of the domestic firms, we assume an economic environment similar to the one in Calvo's (1983) model, in which firms are able to revise their prices in any given period with a fixed probability (1   ). In addition, we assume both "forward-" and "backward-looking" firms co-exist in the economy with a proportion of  and ( 1   ), respectively. Further, we extend the rule of the recent pricing behavior of the backward-looking firms to incorporate a weighted process of past inflation, instead of stylized one lag of inflation inertia.
Specifically, based on the regular assumptions in Calvo's model and log-linear approximations, it is possible to obtain the (log) aggregate price level by 
where  denotes a subjective discount factor,
Assume a rule of thumb in the pricing setting, viz.
As emphasized in the literature, this is an elegant innovation in that the backward-looking firms can now set their prices to the average price determined in the most recent price adjustments with a correction for inflation.
However, inflation inertia in (5) is confined to one single lag, which may neglect the importance of other historical inflation in predicting current inflation. In particular, if we interpret one period as being short, the backward-looking agents are likely to take more than one period to fully respond to changes in actual inflation (Zhang and Clovis, 2010) . Therefore, 7 it would appear reasonable to replace 1 t   in (5) with a weighted average of inflation over several periods in the past. Importantly, this replacement can effectively mitigate a serial correlation problem in empirical analysis. As such, we extend (5) in the following process:
where
is a polynomial in lag operator. In practice, m may be specified by utilizing appropriate diagnostic tests (e.g. standard information criteria).
Combining (1)- (6), it can be shown that the dynamics of domestic inflation in terms of real marginal cost are described by an equation analogous to the one associated with a closed economy, viz.
where coefficients of (7) are functions of the deeper parameters in (1)-(6).
It can be verified that, by combining equation (7) 
where ˆt y and * t y denote domestic and foreign real output gaps , t is an error term, and other coefficients are functions of structural parameters in the DSGE system.
Note that model (8) introduces the globalization factor and more inflation dynamics (i.e. of the conventional NKPC model generally has serial correlation problem (Zhang et al., 2008) . The possible presence of serial correlation is crucial for the choice of valid instruments for GMM estimations of the NKPC models, since all lags of the dependent variable are invalid instruments in the presence of autoregressive serial correlation. Since lags of inflation are typically employed as instruments for estimation of the NKPC, the consistency of these estimates depends on the lack of such serial correlation.
The data
This section describes the data series used in the empirical work and provides some stylized facts pertaining to the underlying variables. In all, the baseline estimation of model (8) Second, inflation expectations are unobservable and have to be approximated via an appropriate method. A commonly used method in the literature (e.g. Gali and Gertler, 1999) is to approximate the unobserved inflation expectations in (8) by the corresponding realized future inflation, i.e. is the projection matrix in terms of the IV set). It follows that this procedure will yield precisely the same coefficient estimates as those obtained by the IV estimation with the rational expectation approximation, while the standard errors will be different since the 10 former ignores uncertainty in the estimation of the projection matrix (Pagan, 1984) .
Third, the real domestic output gap in the baseline estimations was obtained from
Hodrick-Prescott (HP) filter on the corresponding real GDP series (with the smoothing parameter 1600 for quarterly data). In robustness assessments, we also use growth rate of real GDP and deterministic, quadratically detrended log real GDP to approximate the real output gap in model (8).
Fourth, the foreign output gap is calculated as a weighted sum of the real GDP gap measure of China's top eighteen major trading partners 4 . The weight for each trade partner in each year is determined by the percentage of the partner's trade (both exports and imports)
with China over the total trade between China and the eighteen partners for that year. 
Empirical results

Econometric issues
As already noted in Section 1 of this paper, China's economic globalization level has increased dramatically since the 1990s and this change may shift the mechanism of the impact of globalization on inflation dynamics in China. In particular, the empirical sample in our analysis covers a relatively long period from the early 1980s to 2012, which witnesses profound changes in China's integration to the world economy and its macroeconomic dynamics. While the link between economic globalization and inflation dynamics makes it plausible that such changes may lead to structural breaks in the parameters of the NKPC model (8), any such effect and its timing depend on the behavior of economic agents. Since the dates of potential change points are therefore unknown, we perform break tests using the methodology proposed by Andrews (1993) .
Prior to examining the structural break tests, several econometric issues in estimating the baseline model should be noted. First, inflation expectations in model (8) may be influenced by information relating to the current period. In addition, the real variables are also likely to be correlated with the contemporaneous noise, since demand shocks may influence both variables.
Therefore, we use IV, or more specifically the Generalized Method of Moments (GMM) estimator to estimate model (8) and pin down the endogeneity problem.
The baseline IV set used in estimating (8) consists of two lags of each of the domestic and foreign output gaps, and M2 growth rate, plus the lags of inflation included in the model (and a constant). Since the NKPC in (8) is specified with sufficient dynamics (by Akaike Information Criteria (AIC)) and is generally free of significant serial correlation in empirical estimations, lagged inflation values on the right-hand-side of (8) are used as valid instruments for themselves.
In addition, the baseline estimations are verified through Godfrey's (1994) Table 3 ) are the Cragg-Donald statistics, with larger values indicating stronger IV sets.
Based on the preceding design, we carry out formal unknown structural break tests.
Specifically, we employ the Supreme Likelihood Ratio (LR) test of Andrews (1993) to test for unknown structural breaks in model (8). The test is designed to test for the null hypothesis of no structural break in the underlying parameters of interest. The corresponding p-values of the tests are computed using the method of Hansen (1997). By construction, the Andrews' (1993)
Supreme LR statistic is the maximum LR-statistic for testing a break through all possible break points over a specified searching range, say  , which is given by 1995Q1 1993Q3 1993Q3 1994Q1 2007Q1 1994Q1 Notes: The estimated equation is given by model (8) with sample spanning 1984Q1-2012Q4 prior to lag adjustment. Optimal autoregressive lag order in the NKPC is specified by AIC and IV serial correlation test (with maximum eight lags). The baseline IV set for the NKPC includes two lags of each of the domestic real GDP gap, the foreign real GDP gap, and M2 growth rate, plus
Baseline results
the lags of inflation included in the model (and a constant). p-Sup denote p-values of the Sup-LR F-test for the null of stability;
break date corresponds to the break point at which the maximum LR F-statistic is achieved; the structural break tests are implemented over central 60 percent of the underlying sample (to avoid possible extreme results).
We have now obtained a structural break point based on which we can investigate the nature of changes in China's inflation dynamics model and compare the impact of globalization on inflation dynamics over different sample periods when breaks in the coefficients are recognized at the beginning of 1994. Table 3 reports GMM estimates of model (8) over the whole sample and pre-and post-1994 periods for forward-and backward-looking inflation coefficients and the domestic and foreign output gap measures, in conjunction with relevant diagnostic statistics.
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The diagnostic test statistics in Table 3 indicates that the specification of model (8) is free from significant serial correlation and the IV choice is valid and relatively strong in most cases.
The p-values of the joint significance tests on the extra lagged inflation (from order two onwards)
are very small in all regressions, indicating the statistically significant role of the extra lagged inflation in the empirical NKPC model. Notes: Autoregressive lag order in the NKPC is specified by AIC and IV serial correlation test (with maximum of eight lags).
Inflation expectations are measured by fitted values of regressing the realized future inflation on the baseline IV set (IV is the same as in Table 2 , and ＊ denoting statistically significantly strong IV (5% significance level) when the desired maximal bias of the IV estimator relative to OLS is specified to be 5, 10, 20 and 30 percent respectively; the null hypothesis is that the underlying IV set is weak).
*, ** and *** denote statistical significance at the 10, 5 and 1 percentiles respectively. All series involved in the estimations are stationary (confirmed by ADF unit root tests).
More importantly, the baseline results reported in Panels A, B, and C in Table 3 Although not the principal focus of our study, the results of Table 3 should be noted as they indicate the forward-looking behavior is in general predominant while the backward-looking component appears quantitatively less important in all sample periods, with this effect being more striking pre-1994. This finding may be unsurprising because inflation expectations in China during the 1980s and early 1990s were very high and played a predominant role in Chinese inflation behavior, presumably due to the ongoing economic reform and development, as well as an insufficient supply of consumer goods.
To summarize, the coefficient estimates of the domestic and foreign output gap measures provide our main finding from Table 3 , namely that the impact of the foreign output gap on China's inflation has changed significantly its role from less important to more important compared with the domestic output gap. This finding indicates that inflation dynamics in China has shifted significantly since the mid-1990s and the impact of globalization via the foreign 18 excess demand has indeed risen accordingly.
The next section assesses the robustness of this finding.
Robustness assessments
To assess the robustness of the baseline finding that the impact of globalization on inflation dynamics has risen after the mid-1990s in China, we carry out two sets of sensitivity exercises.
First, we investigate whether the finding is robust to alternative output gap measures. That is, we estimate the model (8) by using growth rate of real GDP and deterministic, quadratically detrended log real GDP to approximate real output gap. Second, we augment the baseline model (8) by taking into account the possible impact of exchange rate on inflation, viz. 
where eer  denotes growth rate of effective exchange rate and all other notations follow those in (8). By construction, model (10) considers explicitly possible pass-through of exchange rate on inflation. It may also mitigate a concern that the pass-through effect might be squeezed into the foreign output gap when exchange rate variable is omitted. Table 4 reports the corresponding results, which show that the baseline finding pertaining to the post-1994 period has no substantial change when alternative real variables are used. In addition, the estimation results pertaining to the augmented model (10) (the lower two panels in Table 4 ) with both real and nominal effective exchange rates provide a similar conclusion. In all regressions of the robustness analysis, the coefficient estimates on the foreign real economic activity outweigh the domestic counterparts, with the coefficient estimates on the foreign output variables ranging from 0.147 to 0.195 versus from 0.05 to 0.06 for the domestic output variables.
Another interesting finding is that the pass-through effect of exchange rate on inflation is trivial and statistically insignificant. These results reinforce the conclusion that the foreign economic activity plays a quantitatively and statistically significant role in affecting China's inflation over the post-1994 era. Notes: Sample spans 1994Q2 to 2012Q4 prior to lag adjustment (Andrews' structural break tests were used to test for a structural break point for each regression and the results showed that 1994 is a significant break point in all regressions). qdgap denote quadratically detrended real GDP gap, while gdpgr, reergr, and neergr denote growth rates of real GDP, real and nominal effective exchange rates, respectively. The IV set for the last two regressions is augmented by adding two lags of exchange rate.
Discussion
The empirical results in Section 4 provide evidence of a significant structural break in the impact of globalization on China's inflation dynamics in 1994. Omitting such a structural break, as the results pertaining to the whole sample estimation indicate, can blur and inadequately measure the role of global demand in domestic inflation dynamics. In addition, the world economic slack exerts less significant impact before 1994 than after on overall domestic inflation in China. These findings have several important implications.
The structural break in 1994
The structural break in 1994 coincides with the distinct increase in the level of globalization of China in the mid-1990s (recall Figure 1) . This break time also reflects the important progress of China's integration into the world economy enhanced by several financial and economic policy 20 regime shifts in China in the early 1990s. Second, China reformed its exchange rate system from the "dual" exchange rate regime (a market rate and an official rate that coexisted) to a unified single exchange rate system. Prior to 1994, 80 percent of foreign exchange trading volume was at the market rate and 20 percent at the official rate (Yi, 2008) . In 1994, however, China reformed the "dual" exchange rate resulting in a large depreciation of RMB Yuan against US dollar (USD) after 1994. The exchange rate of RMB/USD was below 6.0 before 1994 but it depreciated markedly to above 8.2 after 1994. This depreciation of RMB in 1994 increased Chinese export in the ensuing years. More importantly, the exchange rate regime shift effectively enhanced the stability of Chinese foreign trade policy and promoted reciprocal interaction of Chinese economy with the rest of the world.
Another important change related to China's economic globalization in the mid 1990s was Chinese banking reform, after which small business firms, especially foreign trade-related firms, could obtain more financial loans than before from financial intermediaries. Indeed, the banking reforms starting from 1994 entailed a progressive move toward less administrative and more 21 independent banking operations. In addition to the EIBC, another two policy banks were also established in 1994, namely China Development Bank and China Agricultural Development Bank, which took over policy lending from the big-four state-owned commercial banks.
Meanwhile, a small but growing number of new banks were established and the restriction on foreign bank entries was relaxed in the mid-1990s in China. These reforms in banking industry provided more finance channels for foreign trade firms and increased the presence of Chinese multinationals, small businesses, traders, and migrants to the world.
Other relevant changes in the mid-1990s include the enactment of Foreign Trade Law, the reduction of trade tariff, and the liberalization of RMB in current account (in 1996) . All of these reforms and changes in the 1990s in China promoted greatly the integration of Chinese economy to the world economy. The underlying shifts also provide support and explanation for the structural break of year 1994 identified in our empirical work. The empirical results in the current study nonetheless, provide a scientific benchmark and an accurate break time for subsample analysis in the context of rising economic globalization and changing inflation dynamics in China.
Policy implications
The finding for the significant role of global demand in China's domestic inflation dynamics since 1994 entails a further discussion on policy implications. First, Chinese monetary authority or central bank has been amused by the celebrated high-growth and low-inflation Eden in China since the late 1990s. In particular, the People's Bank of China seems to be able to avoid being on the horns of one dilemma or another over the past decade and claims in most issues of their monetary policy report that it can control inflation without negative implications for economic growth and unemployment.
Our finding in this paper suggests, however, that the Chinese central bank was not as effective as it may have claimed, and the high-growth and low-inflation Eden in China since the late 22 1990s is likely to be attributed to favorable global economic environment rather than to the sound and healthy policies of the central bank. This raises a realistic concern that the problems the Chinese central bank faced with are likely to be complicated by the rising economic globalization of Chinese economy, which will make the central bank's job of controlling inflation more difficult than before.
More specifically, because the Phillips curve is an indispensible component in monetary policy analysis, it is natural that the impact of globalization factor on inflation can also be Our results in this paper are consistent with, rather than contrary to, Woodford's (2007) analysis. As Woodford carefully interprets in his conclusion that his results mainly suggest that increased globalization should not eliminate the influence of domestic monetary policy over domestic inflation, but the degree of openness of an economy is no significance for the implementation of monetary policy. Indeed, increased international trade in financial assets, consumer goods and factors of production should lead to changes in the magnitudes of various key response elasticities relevant to the transmission mechanism for monetary policy (Woodford, 2007) . In particular, changes in the degree of goods market integration affect the quantitative 23 specification of both the aggregate-demand and aggregate-supply blocks in Woodford's analysis.
Consistent with the existing literature, our results do not mean that the rising globalization of China will eliminate the capacity of the central bank of China in stabilizing domestic inflation;
neither do we regard the rising globalization as a fatal fear to the national economy. We argue that the central bank can gear up its capacity in controlling inflation by appropriate coordination with other central banks. Even without material-coordinated actions, the central bank can still increase the precision of its relevant forecasts and thereby improve the effects of its policies on domestic economy by taking into account global development as a part of its forecasting information set or augmenting its policy analysis framework with globalization factor.
Our baseline finding, however, does call attention to the rising globalization that may generate material forces for central bankers to confront more practical issues than the traditional issues in a closed economy. The changing degree of globalization also makes the issue of change over time in the correct quantitative specification of the models used in a central bank a more pressing one to consider (Woodford, 2007) .
Conclusions
Over the past decades, China has markedly opened its economy and dramatically improved its connectedness with the world trade networks. In conjunction with the rising globalization, China has also witnessed marked change in the nature of inflation dynamics. Therefore, this paper has focused on the impact of rising globalization on inflation dynamics in the world largest developing economy. In particular, we have constructed an extended New Keynesian Phillips curve model from microeconomic foundations and showed that globalization factor (i.e. foreign output gap) can be incorporated in such a model. We proposed that this model for Chinese inflation might have experienced a structural break, given the fact that the level of globalization 24 of Chinese economy has changed substantively over the period from the early 1980s to 2012.
Our empirical investigations justified this conjecture and showed that there is a significant structural change in 1994 in China's inflation dynamics model after which inflation in China responds significantly to the foreign excess demand while the slope of the inflation-domestic demand relation is reduced substantively. This finding indicates that the prescription that central banks should specifically react to developments in global economic performance is justified for
China. The finding also indicates that the low and stable inflation period in China over the past decade may be attributed to the rising globalization of Chinese economy through which China benefited from the stable economic slack in its trading partners.
While the higher level of globalization may help subdue and stabilize domestic inflation by, for example, stable global economic slack, during world tranquil time, negative global economic environment can also exert extra challenges for the domestic policy-makers. A notable case is the recent world financial crisis in 2007-2008, where China was affected by weaker demand from its trading partners. In addition, as recent experience of rising commodity prices suggests, globalization may sometimes be associated with rising import prices. And even when import prices were falling, the consequences for domestic inflation depended on how foreign real incomes changed and how domestic monetary policy reacted. Therefore, studies that neglect the role of foreign demand are likely to underestimate the impact of globalization on domestic inflation dynamics.
